Objective: To present a case of takotsubo cardiomyopathy (TTC) in the context of major neurocognitive disorder and identify important considerations for psychiatrists.
Introduction
Takotsubo cardiomyopathy (TTC) is an acute and reversible weakening of the cardiac muscle, resulting in ballooning of the ventricles ("takotsubo" is the Japanese term for "octopus trap", referring to the appearance of the left ventricle). It usually presents with chest pain and dyspnoea [1] , is most commonly seen in postmenopausal women following significant stress and has a 30-day mortality rate of about 5%. TTC is also known as "broken heart syndrome" or "stress induced cardiomyopathy" because stressful events, such as the loss of a loved one, often act as precipitants. TTC was historically hypothesised to be caused by elevated serum catecholamines such as norepinephrine (noradrenaline) [2, 3] . More recently, persuasive arguments have been advanced for a pathological mechanism related to sympathetic hyperactivation [4, 5] . This is consistent with findings that chronic anxiety, associated with increased bursts of sympathetic activity due to mental and physical stress [6] , and the predisposing factor of early life trauma [7] , increase the risk of TTC. Thus, psychiatrists may be involved in the care of these patients and should be aware of the risk of TTC following significant stress, anxiety and relapse of psychiatric illness.
The cardiac symptoms of TTC have been elucidated [1], whereas precipitating events have not yet been systemati-cally evaluated. Nonetheless, a meta-analysis [1] identified that in 74% of cases, TTC was preceded by a significant stressor. Psychological stressors include loss of a family member, marital conflict and work-related stressors, but also events such as the loss of a pet [8] . Cases have been reported in which relapsing psychiatric illnesses were the precipitating stressors (e.g., bipolar and major depressive disorders) [9] as well as catatonia [10, 11] . There have also been reports of TTC associated with dementia [9, [12] [13] [14] [15] [16] , including one case of vascular dementia [13] , although not as the precipitating stressor. Here we report a case of TTC where a major neurocognitive disorder (possible vascular subtype) increased vulnerability to stress following the loss of a main support person, in the context of multiple risk factors.
Case report
Ms Sato, a 79-year-old Caucasian woman, was referred to the community Older Persons' Mental Health Service with concerns of worsening panic attacks. She had recently moved into a nursing home where she was being managed with escalating doses of oxazepam. She had been transferred to the nursing home directly from the rehabilitation unit following an admission for takotsubo cardiomyopathy (TTC). Her medical history included hypertension, aortic stenosis, atrial fibrillation and ovarian cancer. Her psychiatric history included anxiety following aortic valve replacement 3 years earlier. Desvenlafaxine had been trialled by her general practitioner (GP), but owing to adverse effects it was ceased after 3 days and her anxiety was managed with diazepam. She was being treated by her GP at the nursing home with mirtazapine 45 mg at night and oxazepam 7.5 mg four times a day. Her other medications were amlodipine, olmesartan, amiodarone and rivaroxaban.
Upon review, it was immediately evident that Ms Sato was suffering from cognitive impairment. She scored 57/ 100 on the Addenbrooke's Cognitive Examination -Revised (ACE-R) and had significant deficits in memory, fluency, language and visuospatial function. Consistent with the geriatrician assessment (see below), a diagnosis of major neurocognitive disorder possible vascular subtype was made, based on cerebrovascular risk factors and deficits in complex attention and executive function, although no brain imaging had been completed. Despite her poor performance on the ACE-R, she engaged well at interview and provided a reasonable history that was bolstered with collateral. There was no evidence of delirium.
Ms Sato's childhood was spent living rurally with her parents and one older sister. Her father worked on a farm and her mother was a homemaker. She was home schooled. Her father abused alcohol, resulting in physical and emotional abuse towards Ms Sato, her mother and her sister. Ms Sato and her sister continued living in their childhood home after the death of their parents. From the age of 60 years onwards, Ms Sato acted as a carer for her sister, who had suffered a stroke. Prior to that Ms Sato had worked at a supermarket for 42 years. She had no financial concerns and reported that they had been "frugal".
One month prior to Ms Sato developing TTC, her sister deteriorated physically and was placed in the nursing home. Collateral history from her GP and neighbour revealed that Ms Sato's functioning had soon declined. Previously, with support from her sister, she had been managing the shopping, cooking and cleaning. She had regularly worked in the garden and enjoyed daily walks. Both the GP and the neighbour had known of the cognitive deficits but reported a co-dependency with her sister that masked her significant cognitive impairment. Ms Sato's inability to cope independently after the placement of her sister in the nursing home resulted in gradually worsening anxiety. Escitalopram 10mg was initiated by the GP.
During one of her walks Ms Sato had a fall and was found to have chest pain and dyspnoea with an electrocardiogram (ECG) demonstrating ST elevation in the inferolateral leads. Urgent coronary angiography did not demonstrate significant occlusion, whereas ventriculography showed significant apical hypokinesis and basal hyperkinesis, diagnostic of TTC. She was also found to be hyponatraemic (serum sodium 118 mmol/l), which normalised with fluid restriction and cessation of escitalopram started 5 days earlier. She spent 2 weeks on the cardiology ward and 1 month in rehabilitation, at which time a diagnosis of dementia was made following serial cognitive testing (MMSE, MoCA, and ACE-R). The geriatrician determined that Ms Sato was unsafe to be discharged home and she was admitted to the nursing home where her sister lived.
Although reunited with her sister, Ms Sato had lost her independence. She could no longer take her usual walks, nor spend time in the garden, and had been separated from her dog. This difficult adjustment precipitated panic attacks. Ms Sato reported she had always been a worrier, but that she was confident she would improve upon adjusting to her new lifestyle. With mindfulness-based cognitive behaviour therapy we were able to cease the oxazepam and Ms Sato's symptoms improved. Her mirtazapine dose was maintained at 45 mg per day. On last review she was no longer experiencing panic attacks and had not had any relapse of her cardiac symptoms.
Discussion
We have reported a case of TTC following the loss of a co-dependent supportive relationship occurring against the background of a major neurocognitive disorder, in the context of multiple risk factors. The loss of Ms Sato's main support person did not immediately lead to significant stress and TTC; rather it occurred 1 month later following anxiety caused by an inability to function independently. This report adds to the literature describing TTC in patients with dementia [9, [12] [13] [14] [15] [16] . Previous case reports have identified dementia as contributing to psychological stress, or that there were no identifiable stressors; thus further research is required to elucidate the relationship between dementia and TTC. This case is consistent with research suggesting that chronic anxiety and adverse childhood events increase the risk of developing TTC [4] [5] [6] [7] .
Selective serotonin reuptake inhibitors (SSRIs) have been implicated in TTC [17] [18] [19] and Ms Sato had recently commenced escitalopram. A retrospective study found SSRIs to be more strongly associated with TTC than other antidepressants [19] . They suggested a mechanism of increased norepinephrine (noradrenaline) reuptake inhibition, although this is more consistent with serotonin-noradrenaline reuptake inhibitors (SNRIs) and tricyclic antidepressants (TCAs), which are also associated with TTC [19] [20] [21] . A post-marketing review [21] found 21 cases of TTC associated with SNRIs compared with 5 with SSRIs. The authors reported that SNRIs are associated with greater risk than SSRIs, such that SNRI product information requires warnings regarding TTC [21] .
Ms Sato was found to have hyponatraemia, which has also been associated with TTC in at least five case reports [22] [23] [24] [25] [26] . Three of these patients were being treated with antidepressants (SSRI, TCA, SNRI) [22, 23, 26] , two of them in the context of psychogenic polydipsia [22, 23] . All of these cases had sodium levels similar to Ms Sato's (<120 mmol/l). The relationship between antidepressants and hyponatraemia is well known, but the mechanism by which hyponatraemia is linked to TTC is not clear, although sympathetic hyperexcitability is a possible explanation. Antidepressants have also been linked to recurrence of TTC [21] ; thus, psychiatrists treating patients with anxiety and mood disorders following TTC should prescribe antidepressants judiciously.
Patients with neurocognitive disorders who are treated with antidepressants may be at increased risk of TTC. Treatment of anxiety and depression in patients with previous TTC should be monitored closely, and antidepressants less likely to cause hyponatraemia are recommended.
Written consent was obtained from Ms Sato and her substitute decision maker.
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